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INTRODUCTION (Continued)
The U.S. Geological Survey, Water Resources Division, collected and analyzed data on the magnitude, frequency and extent of the 1985 floods. The investigations were conducted as part of the ongoing cooperative water resources investigation program in cooperation with the Puerto Rico Department of Natural Resources, the Puerto Rico Environmental Quality Board, and the Puerto Rico Highway Authority.
Information related to rainfall quantities and intensities throughout the island was provided by Robert Calvesbert, of the National Weather Service, National Oceanic and Atmospheric Administration (NWS-NOAA), U.S. Department of Commerce.
This report summarizes the rainfall and streamflow data collected during the two 1985 flood events. This information should be of value and interest to engineers, developers, planners and government officials. Additionally, it will provide a historical record of data from the floods to supplement several flood atlases now in preparation.
THE FLOODS OF MAY 17-18, 1985
Rainfall
Severe flooding affected most of the north and north-central parts of Puerto Rico during May 17-18 as a result of intense precipitation that began on May 15 and continued through May 19. The rains were produced by a nearly stationary low-pressure center that moved from the northwest on May 15. During the next five days, almost continuous precipitation of varying intensity was recorded throughout most of the south-central and eastern part of Puerto Rico.
Precipitation totals for the 5 days of the storm ranged from 8 to 25 inches ( fig. 2) .
The most intense rainfall occurred over an area extending west of a north-south line at the town of Orocovis toward Mayaguez. A second cell of less intense rainfall affected the Rio Grande de Loiza basin, in the eastern part of the island.
The recorded precipitation total for the 5-day period May 15-19 was 25.21 inches at Jayuya. Precipitation totals for the 5-day period at individual stations operated by the NWS-NOAA are summarized in table 1.
Flooding and Damages
The most significant floods occurred on May 17 and 18. Flooding was severe in the lower reaches of streams in the Rio Grande de Arecibo, the Rio Tanama, the Rio Grande de Manati, the Rio Grande de Jayuya, the Rio Orocovis, the Rio Turabo, the Rio de La Plata, and the Rio Grande de Afiasco basins.
Flooding of urban areas was reported at the towns of Arecibo, Utuado, Jayuya, Orocovis, Vega Baja, Dorado, Toa Baja, Barceloneta, Caguas, and Loiza. 
THE FLOODS OF MAY 17-18. 1985 (Continued)
Flooding and Damages (Continued)
The worst flooding occurred at Arecibo and Barceloneta, ( fig. 3 ). The flooding at Arecibo covered slightly less area than during the 1928 record flood (Hickenlooper, 1968) . The flood at the town of Barceloneta was lower and inundated a lesser area than the 1970 flood. Undefined conditions appear to have caused backwater effects in several areas in Barceloneta on the Rio Grande de Manati flood plain. The floods at the towns of Jayuya and Utuado were lower than the record floods of 1975 (Johnson, 1982) .
Damage estimates to private and public property during the floods reached 37 million dollars according to the Federal Emergency Management Administration (FEMA).
Peak Discharges
The U.S. Geological Survey collected peak stage and flow data from its network of gaging stations throughout Puerto Rico ( fig. A) . At sites where recording instruments failed or were damaged during the floods, high-water marks were surveyed shortly after the event to determine the peak stage and discharge.
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Rainfall
Intense precipitation induced by a nearly stationary tropical depression occurred over most of southern Puerto Rico during October 6-7, 1985. As much as 23 inches of rainfall occurred north of the towns of Ponce and Coamo during a 24-hour period (fig. 6 ). The intensity of the precipitation near the town of Penuelas ( fig. 7 ) was as high as 2.75 inches in one hour and 5.5 inches in two hours. The rainfall was equally distributed between the afternoon of October 6 and the early hours of October 7. Less intense precipitation occurred on October 5. Similarly less intense precipitation occurred on October 8 after the very intense storm of October 7. Precipitation totals for the 4-day period (October 5-8) were as high as 30.66 inches (table 3) . 
Flooding and Damages
The most severe flooding occurred along the south coast from the town of Santa Isabel, west towards the city of Ponce ( fig. 8) .
Severe flooding also occurred in the lower reaches of the Rio de La Plata (near the towns of Toa Alta and Dorado) and the Rio Grande de Manati (at the town of Barceloneta). The urban area of Barceloneta was flooded for the second time in 1985. Preliminary highwater marks surveyed in the center of the town showed that the October flood was about one foot higher than the May 1985 flood.
Local less severe flooding was reported at the mountain towns of Utuado and Jayuya. 
THE FLOODS OF OCTOBER 6-7, 1985 (Continued) Flooding and Damages (Continued)
The floods along the south coast in the Santa Isabel to Ponce area exceeded the historical floods of 1970 (Haire, 1971) .
Flooding in the lower valley of the Rio Jacaguas (south of the town of Juana Diaz) was not as severe as in the Rio Coamo area in spite of about equal precipitation in both basins. The Toa Vaca reservoir attenuated most of the peak, storing a significant amount of the runoff.
The reservoir filled-up to its capacity (original capacity of about 55,000 acre-feet) only for the second time since its construction in 1972. Flooding along the Rio Cerrillos and the city of Ponce was also minimal in comparison to previous events of lesser magnitude.
The Rio Cerrillos flood channel contained most of the flood runoff within its boundaries.
Damages to private and public property during the floods were estimated by FEMA at about 125 million dollars. About 3,000 homes were damaged, of which 1,300 were a total loss. The deaths of about 40 people (other than fatalities related to landslides) were attributed to the floods.
The worst incident occurred at the Rio Coamo bridge on Las Americas Expressway (Highway 52). The approach to the west bound lanes on the bridge collapsed sometime between midnight and 3:00 a.m. on October 7. An unknown number of vehicles plunged into the river, with at least 24 fatalities. Flooding at the Quebrada del Agua (west of the city of Ponce) resulted in 16 fatalities. 
Peak Discharges
The U.S. Geological Survey collected peak stage and discharge information during and after the floods throughout its network of gaging stations in Puerto Rico. Historical peak flows were recorded at several stations in the network.
These included gaging stations at the Rio Coamo, the Rio Inabon, the Rio Descalabrado, the Rio Jacaguas, the Rio Cerrillos, the Rio Portugues, and the Rio Grande de Manati (table A) . Recurrence intervals equal to or greater than 100 years were estimated for most of the peaks recorded at the gaging stations from Santa Isabel to Ponce. Discharge hydrographs at key gaging stations showed that the peak discharges occurred during the early hours of October 7 ( fig. 9 ).
Landslides
Landslides occurred throughout Puerto Rico as a result of saturation of the soils during the intense rains of October 5-8. The most severe landslide occurred on a hill at Barrio Mameyes, on the northwestern fringe of the city of Ponce ( fig. 10) . A slab of calcareous sandstone detached from the crest of the hill, slipping toward the bottom of a populated ravine. Field estimates showed that about 260,000 cubic yards of material slid from the hill.
The Mameyes landslide destroyed about 90 homes causing the death of about 130 people. Most of the houses were buried under mud and debris. The time of occurrence of the incident (around 3:00 a.m. on October 7) and the intensity of the rain at that time, affected the rescue efforts (only about 50 bodies were recovered).
Although many other smaller landslides occurred throughout the island, the incident at Mameyes was the only one that resulted in loss of life. The Puerto Rico Department of Natural Resources is currently conducting an inventory of the landslides recorded during the floods.
COMPARISON OF THE 1985 FLOODS WITH HISTORICAL FLOODS
The floods of May and October 1985 were of severe magnitude and extreme frequency.
Record peak discharges occurred at several basins including some of the largest in Puerto Rico. The recurrence interval of many of the instantaneous peak discharges equaled or exceeded the 100-year flood.
The "Myers Rating" method can be utilized to compare the intensity of floods from different basins and/or different events (Haire, 1972) . In the Myers's technique, the unit discharge (flow per unit area) of a particular flood is compared with the maximum known floods throughout the world or in the study area.
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COMPARISON OF THE 1985 FLOODS WITH HISTORICAL FLOODS (Continued)
The upper line in figure 11 represents the maximum known floods in the world expressed as a correlation between the unit discharge and the drainage area by the equation Q = 10,000/VA. This is commonly referred to as the "100 percent Myers rating." The lower line represents the "50 percent Myers rating" expressed by the equation Q = 5,000/</A.
The data from the 1985 floods show that the unit discharges were not as high as the 1960 events. At least five (5) events during the 1960 floods approached the 100 percent Myers rating.
In general, unit discharges for the 1985 floods were in the vicinity of the 50 percent Myers curve. The only events of the 1985 floods that approached the record 1960 unit discharges occurred at the Rio Grande de Anasco near San Sebastian during the May event (table 2) and, the Rio Coamo near Coamo during the October event (table A).
SUMMARY
Puerto Rico was affected by severe floods twice during 1985 . During May 15-19, 1985 , a low-pressure system that moved from the north resulted in as much as 25 inches of precipitation over the south-central and up to 1A inches over the eastern basins of the island. Flooding was widespread along the mainstem and tributaries of the Rio Grande de Arecibo, the Rio Grande de Manati, and the Rio de La Plata on the north coast. Urban areas in the towns of Arecibo, Barceloneta, Jayuya, and Utuado were affected by the floods. Less severe flooding occurred at Caguas, Loiza, Dorado, Vega Baja, and Toa Baja. Property losses were estimated at about 37 million dollars.
The second flood event occurred during October 6-7, 1985. A nearly stationary tropical depression, preceded by several days of rainfall, resulted in record precipitation and floods along the south-central and eastern part of Puerto Rico. Precipitation totals were as high as 23 inches during 2A hours.
Intensities of 5.5 inches in two hours were recorded near the city of Ponce. Flooding was severe and widespread from Santa Isabel to Ponce.
The worst flooding occurred in the Rio Coamo basin, but was also significant along the north coast in the towns of Barceloneta, Arecibo, and Toa Baja.
Recurrence intervals equal to or greater than 100 years were recorded at several index stations. Property damages were about 125 million dollars.
The rain and floods of October 6-7, 1985 resulted in landslides throughout the affected areas. The worst landslide occurred at Barrio Mameyes, near the city of Ponce. A slab of sandstone with a volume of about 260,000 cubic yards detached from a hill, destroying about 90 homes in the Mameyes community. The death total from the landslide was about 130 people.
The collapse of the approach section of the bridge over the Rio Coamo on Las Americas Expressway resulted in the death of 2A people. Flooding at the Quebrada del Agua, west of Ponce, resulted in an additional 16 fatalities.
